Objectives: To find out whether health-related quality of life (HRQOL) was an independent determinant of health service utilisation of a Chinese population and to determine whether the addition of HRQOL data to sociodemographic and morbidity factors could significantly increase the explanatory power of risk-adjustment models.
Introduction
Ageing of the world's population and an increase in the proportion of disease burden from chronic diseases have drawn more attention to the relationship between health and quality of life (Testa and Simonson 1996; Abbasi 1999) . Many studies have shown that perceived health is an important independent determinant of health service utilisation for Western populations (Hulka and Wheat 1985; Hornbrook and Goodman 1995; Mulunpalo et al 1997; Nelson et al 1998) . Hornbrook et al found that HRQOL predicted linearly the annual medical expenses for working adults and their dependants (Hornbrook and Goodman 1995) . Nelson et al found that physical functioning and mental health were important predictors of both hospital and outpatient services for patients with chronic diseases (Nelson et al 1998) . Perceived global health had a linear relationship with annual outpatient consultation rates of a working-age population in Finland (Mulunpalo et al 1997) .
Although health-related quality of life (HRQOL) has been used widely as a health outcome measure in the West for more than two decades, it is a relatively new concept in Asia. While few people disagree with the importance of quality of life, many are still uncertain about the clinical significance of HRQOL data for patients in this region (Testa and Simonson 1996) . There are very few data on the relationship between HRQOL and health service utilisation for populations in Asia. A study by Matsumura in Japan showed that subjects with SF-36 physical and mental summary scores below 40 were more likely to use outpatient and in-patient services than those who had scores over 50 (Matsumura 2000) . However, Cheng et al failed to show a consistent correlation between health status and health care cost on a group of Chinese elderly in Hong Kong (Cheng et al 1997) . This raised doubts on whether HRQOL, a concept of Western origin, had the same clinical significance for the Chinese whose culture and health care system are very different from those of the West. There were several limitations in the study by Cheng et al: First, the sample was highly selective; second, health status was measured by a single global question; and third, health care cost is not a valid measure of service utilisation in Hong Kong because people can choose any combination of expensive private and heavily subsidised public services.
The aim of this study was to determine the effect of HRQOL on health service utilisation for the Chinese adult population in Hong Kong. The first objective was to find out whether the SF-36 scores, a widely used measure of HRQOL, were independent determinants of outpatient medical consultation and hospitalisation rates.
The results would provide evidence on the clinical significance and relevance of HRQOL for the Chinese. The second objective was to determine whether the addition of the SF-36 scores to sociodemographic and morbidity variables could significantly increase the proportion of variance in utilisation rates explained. The results will give information on the possible value of including HRQOL scores in medical risk adjustment equations for the estimation of various health service needs.
Methods

Study Design and Setting
The study was a cross-sectional random telephone survey of the general adult Chinese population in Hong Kong. Ninety-six percent of the population in Hong Kong are Chinese and 10% of them are 65 years or older (Census & Statistics Department Hong Kong 1996) . Over 99% of the households in Hong Kong have one or more telephones and all local calls are free of charge.
Although most of the population are Chinese, Western medical services are the main source of health care since traditional Chinese medicine (TCM) practitioners were not formally registered until late 2000 and there is no in-patient traditional Chinese medical service in Hong Kong. A recent general population survey found that only 7% of the outpatient health services were provided by TCM practitioners including herbalist, acupuncturist and bone-setters (The Harvard Team 1999).
The population is ageing and chronic diseases are common. Our total health care expenditure has been rising much more rapidly than the gross national product over the last ten years. The Government provides 93% of hospital care and 20% of primary care, at nominal charges, for the population in Hong Kong. A consultant team from Harvard projected that our health care system would become nonsustainable by 2016, unless there was better use of public health care funds (The Harvard Team 1999) . Information on the determinants of health service utilisation can help us allocate limited resources more rationally to meet people's needs.
Sampling Method
Household telephone numbers were selected randomly from the Chinese Residential Telephone Directories published by the Hongkong Telecom, which contained 90% of all Chinese residential telephone numbers in Hong Kong (Hongkong Telecom 1997) . The region (1= Hong Kong and Islands, 2= Kowloon and 3=New Territories), page, column and row numbers of the Directories of each sampled telephone number were specified by a computer-generated random number table.
Trained interviewers called the households in the order of the random telephone list in the evening of each weekday from June 1 to September 30, 1998.
Among those members who were present in the contacted household, the person who last had his/her birthday and was eighteen years or above was selected for the interview. Non-Chinese households, commercial numbers, telephone numbers that were not answered after three attempts and households without any eligible subjects upon three contacts were excluded from the study. Subjects who could not communicate by telephone were also excluded.
Sample
A total of 7185 telephone numbers were attempted, 3957 telephone numbers were not answered after three attempts, there were no eligible subjects in 266 households, and 105 were commercial or invalid numbers. Two thousand eight hundred and fifty seven eligible households were contacted and 2512 subjects agreed to be surveyed but only 2410 completed the interview, giving a response rate of 84.4% (2410/2857). Hong Kong 1996) . The proportion of young adults was lower and that of the elderly was higher than those of the By-census. The distribution in occupation of our subjects was not directly comparable to that of the By-census, because different methods of classification of occupation were used. We used the British Registrar
General's classification of occupation in order to indicate social class (General Registrar Office 1966), but the By-census used the International Standard Classification of Occupation.
Survey Instrument and Outcome Measures
The survey instrument consisted of a structured questionnaire on service utilisation rates, sociodemographic characteristics, chronic morbidity and the Chinese (HK) version of the SF-36 (Lam et al 1998 
Data Analysis
We hypothesized that sociodemographic factors, chronic morbidity and the SF-36 scores were possible determinants of service utilisations. Annual consultation, monthly consultation and hospitalisation rates were used as separate dependent variables of service utilisation. The independent variables were grouped into three (Hornbrook and Goodman 1995; Hornbrook and Goodman 1996) because the SF-36 scores are continuous variables and there is no cut-off threshold for good or bad HRQOL.
We first entered all independent variables into a free forward stepwise regression model to determine the independent effect of each factor on each service utilisation rate. On the other hand, we hypothesised that clusters of variables may have a sequential causal relationship. Specifically, sociodemographic variables (cluster 1) can affect chronic morbidity (cluster 2) and SF-36 scores (cluster 3) as well as service utilisation. Similarly, chronic morbidity can affect SF-36 scores as well as service utilisation. As a result, simultaneous consideration of variables from the clusters in a free multiple regression model might result in confounded inference of sociodemographic and chronic morbidity variables. Therefore, we carried out a structured multiphase regression analysis, as that used by Cohen et al (Cohen et al 1999) , in three phases: Phase 1 was a forward stepwise regression of service utilisation rates on cluster 1 variables; in phase 2, we forced into the model all variables selected in phase 1 before cluster 2 variables were entered by the same forward stepwise approach; the third phase was the entry of cluster 3 variables by the same regression method, after forcing into the model all the selected variables from phase 1 and 2. The proportion of variance in service utilisation rates that the SF-36 scores added to the other two clusters of variables was calculated from the difference in model R squares between the second and third phases of regressions.
Our hypothesis on a sequential causal relationship between sociodemography, morbidity, HRQOL and service utilisation might be an over-simplified one, but the testing for more complex causal or interactive relationships is beyond the scope of this cross-sectional study.
Any departures from model assumptions were checked by examining deleted studentized residuals for multiple linear regression models or the Hosmer and
Lemeshow goodness of fit test for logistic regression models (Hosmer and Lemeshow 2000) .
Females tend to have higher service utilisation rates and lower HRQOL scores than men (Hulka and Wheat 1985; Hornbrook and Goodman 1995; Mulunpalo et al 1997; Nelson et al 1998; Lam et al 1999) , we carried out the analysis for all subjects and by gender in order to see if there was any gender difference in the effects of HRQOL on service utilisation rates.
All data analyses were done by the SPSS-Windows 8.0 programme (SPSS Inc 1998). Variable entry and exclusion criteria for the forward stepwise regression models were p values of the F statistics of 0.05 and 0.10, respectively. Subjects with unknown or missing data in any variable included in the model were excluded from the relevant regression analysis, resulting in different sample sizes in different regression models.
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Results
Service Utilisation Rates
The reported mean annual consultation rate was 3.73, the mean monthly consultation rate was 0.48 and 4.5% of subjects said that they had been hospitalised in the previous year. Five hundred and seventy nine (24 %) subjects had one and 338 (14 %) had more than one chronic diseases, 1349 (56%) subjects did not report any chronic disease and 144 (6%) people were not sure whether they had any or not. Table 2 compares the service utilisation rates of subjects with different number and type of chronic diseases. The unadjusted service utilisation rates of subjects with one or more chronic diseases were two to three times of those of people without. The utilisation rates tended to increase with the total number of chronic diseases. Table 3 shows the independent effects of sociodemographic variables , chronic morbidity and SF-36 scores on service utilisation by free forward stepwise multiple regressions. Five of eight SF-36 scores had a negative linear correlation with one or both annual and monthly consultation rates, which meant better HRQOL scores were associated with lower consultation rates. On the other hand, higher RE score was associated with a higher monthly consultation rate. The total number of chronic diseases was, but most specific diagnoses were not, a strong determinant of consultation rates. On the other hand, the presence of diabetes mellitus, chronic lung disease and stroke were stronger risk factors of hospitalisation than any of the SF-36 scores or the total number of chronic conditions. variance for all subjects. The effect of SF score on annual consultation rates disappeared when the data were analysed by gender. PF score had an effect on the annual consultation rate for men but not for women, while the reverse was true for the RP score. Table 5 shows the structured multiphase regression model for the monthly consultation rate. Sociodemographic and morbidity variables together explained only 7.8% of the total variance and the addition of the SF-36 scores significantly increased the proportion of variance explained to 20.7% for all subjects. The contradictory effect of RE score on the monthly consultation rate that was significant in the free regression model disappeared in the structured multiphase model. The effect of VT score became significant for women and that of PF score was significant for men when the data were analysed by gender. Table 6 shows the structured multiphase regression model for hospitalisation rate in the last one year. The cluster of chronic morbidity variables contributed the greatest proportion of the variance explained, while the SF-36 scores added 4.6%, 3.9% and 8.5% more for all subjects, men and women, respectively. The estimated proportion of variance explained by the regression model was much higher for women than men. PF score had a significant effect but the BP score was excluded from the model for men when the data were analysed by gender.
Determinants of Service Utilisation
Scatter plots of annual or monthly consultation rates against the SF-36 scores showed linear correlations as hypothesised. Plots of deleted studentized results against predicted values and other independent variables for the final linear regression models were examined and no obvious model departures including non-linearity were observed. Goodness of fit test for the final logistic regression models did not show any substantial model inadequacies either. The corresponding p-values were 0.479, 0.362 and 0.106 for the overall, male and female samples, respectively.
Discussion
To the best of our knowledge, this was the first study to show a linear relationship between the SF-36 scores and health service utilisation in a general Chinese population. The effect of the SF-36 scores on consultation rates were stronger than those of sociodemographic and morbidity factors, as found by other studies in Western populations (Freeborn et al 1977; Kronenfeld 1978; Hulka and Wheat 1985; Hornbrook and Goodman 1996; Dunlop et al 2000) . The absolute proportion of variance explained by the SF-36 scores were similar for annual and monthly consultation (13.7% and 13.0%), but it was relatively more significant for the monthly consultation rate because the proportion of variance in the latter explained by sociodemographic and chronic morbidity factors was smaller.
As shown by Hornbrook et al, the addition of the SF-36 scores to sociodemographic and chronic morbidity variables significantly increased the proportion of variance explained in service utilisation (Hornbrook and Goodman 1996) . The SF-36 captures the variation in service utilisation resulting from a person's perceived need, which is independent of objective social and morbidity factors (Najman and Levine 1981; Li et al 1998; Andersen and Newman 1973; Browne et al 1990; Memel 1996) .
Although HRQOL and chronic morbidity might be closely related in that the presence of a chronic disease might impair HRQOL and adverse HRQOL might predispose to chronic diseases especially psychological problems, we found that HRQOL (the SF-36 scores) and chronic morbidity were two independent determinants of service utilisation (Table 3) . Andersen and Newman also classified evaluated illness level (morbidity) and perceived health status into two different factors in their taxonomy of determinants of medical care utilisation (Andersen and Newman 1973) . Our results did not support Hornbrook and Goodman's view that the SF-36 scores could capture all the effect of chronic morbidity on service utilisation (Hornbrook and Goodman 1995) . The use of one indicator that combines both concepts such as the limiting long-standing illness (LLI) used in the general household survey in the Untied Kingdom (Gould and Jones 1996) may under estimate the impact of either one of these needs-related factors on service utilisation (Cohen et al 1995; Sutton et al 1999) .
The effect of the SF-36 scores on hospitalisation rate was relatively small.
Nelson et al also found that functional status explained only 1.2% of the total variance in the hospitalisation rate of patients with chronic diseases (Nelson et al 1998) .
Admission into the hospital, contrary to outpatient consultations, is usually determined by the doctor rather than the patient. It is more dependent on objective clinical indicators such as diagnosis and the severity of disease than the patient's perceived need (Wolinsky 1978; Hulka and Wheat 1985) . Furthermore, the SF-36 is designed for the evaluation of ambulatory subjects, therefore may have a floor-effect for people who are seriously ill (Ware et al 1993) . Other instruments that are designed for the measurement of low levels of functioning, e.g. the Barthel Index (Wade and Collin 1988), may be more suitable for the determination of the risk of hospitalisation. A large proportion of variance in hospitalisation rates was not explained by the factors examined in this study, more research is required to identify any other important determinants.
HRQOL measured by the SF-36 was an important determinant of service utilisation rates for both men and women although there was some gender difference in the relative significance of different domains. The most consistent gender Deleted: in contrast difference was found with the PF score, which was a significant determinant of all utilisation rates for men but not for women. This could be explained by a gender difference in the actual and expected normal levels of physical functioning.
Sociodemographic variables, although commonly used as the major medicalrisk adjustment factors, explained only around three percents of the variance in any service utilisation rate. This was consistent with the results from other studies (Hornbrook and Goodman 1995; Hornbrook and Goodman 1996; Nelson et al 1998) .
Some studies have found a social gradient in service utilisation rates (Carr-Hill et al 1996; Buckingham and Freeman 1997; McNiece and Majeed 1999) , but we found that social class did not have any independent effect on service utilisation, after controlling for chronic morbidity and HRQOL. Several other studies also found that the socioeconomic effect on service utilisation disappeared when health status was controlled for (Freeborn et al 1977; Hulka and Wheat 1985) . We used annual and monthly consultation rates and hospitalisation rate as indicators of service utilisation because they directly measure workload (Hulka and Wheat 1985; Nelson et al 1998; Dunlop et al 2000) . They were analysed as separate dependent variables because they may not share the same set of determinants of utilisation and HRQOL may have different effects on different services, as found in our study. Theoretically, health care expense can be used as a summative indicator of all service utilisations but it is not applicable to Hong Kong because variations in payment methods and prices of health services are very big (The Harvard Team 1999). We have not measured the use of traditional Chinese medicine (TCM) in our study because it formed a relatively small part of the overall health services and there was no agreed definition of TCM at the time of the study. The registration of TCM practitioners is underway and when it has been established it will be possible to study if the determinants of the utilisation of TCM are different from those of Western medicine.
Telephone interview was chosen as the method of survey in this study because it is applicable to the illiterate, who make up 10% of all adults and 39% of those aged 60 or above of the population in Hong Kong (Census & Statistics Department Hong Kong 1996) , and it is more cost-effective than face-to-face interviews (Marcus and Crane1986). Lam et al have shown that the results on doctor consultation rates found by telephone interviews were comparable to those of the face-to-face general household survey in Hong Kong (Lam et al 1988) . A limitation of our survey method was that it excluded the very ill patients and those who were institutionalised, therefore, the results may not be applicable to these special groups. It also did not reach 10% of the households whose numbers were not listed in the telephone directories. This might be the cause of a relatively higher proportion of elderly subjects and working class people in our sample. This bias might have affected the reported utilisation rates but should not have much effect on the results of the regression analyses that were controlled for sociodemographic variables. Previous studies have shown that telephone interviews might lead to better SF-36 scores than self-completion (McHorney et al 1994) , fortunately the bias is expected to be consistent for all subjects and should not affect our conclusions.
Self-reported utilisation rates are prone to recall errors. It has been found that 5% of subjects over-reported their outpatient consultation rates for the four months closest to the survey date and 25% under-reported consultations that they had 5 to 6 months ago (Nelson et al 1998) . This explained why the reported mean annual consultation rate (3.73) was lower than that (5.76) projected from the monthly consultation rate in this study. As pointed out by Nelson et al, self-reported rates should not be taken as the actual consultation rates but only an indication of the utilisation pattern. We expected such errors to be random and not to have any effect on the results of the regression analyses in this study.
The measure of chronic morbidity by subjects' recall of doctor's diagnosis could inflate the correlation between chronic diseases and utilisation rate because the presence of a diagnosis depended upon a prior consultation and service utilisation might increase the likelihood of reporting an illness (Sutton et al 1999) . We tried to reduce such a bias by including only chronic diseases that had been diagnosed by a registered doctor for at least four weeks and testing the effect of chronic morbidity on both annual and monthly consultation rates.
The causal relationship between socio-economic status, chronic morbidity, HRQOL and service utilisation can be reversed or bi-directional. The presence of a chronic disease could lead to a drop in social status; service utilisation might increase the diagnosis of chronic diseases and/or change HRQOL perception; poor HRQOL and psychological problems may aggravate one another. More comprehensive longitudinal studies will be required to sort out these complex causal relationships.
Conclusions
HRQOL measured by the SF-36 was a more important determinant of outpatient consultation rates than chronic morbidity and sociodemographic factors. The addition of the SF-36 scores almost doubled the proportion of variance explained for annual consultation rate and tripled that for monthly consultation rate. To a lesser extent, the SF-36 scores also affected the risk of hospitalisation. HRQOL data can supplement sociodemographic and chronic morbidity factors in the estimation of health service needs. Interventions that aim at improving the HRQOL of patients may reduce the demand for health care services.
The results of our study supported the clinical relevance of the SF-36 to a culture and health care system that is very different from that of the United States where the instrument originated. They provided evidence on the clinical significance of HRQOL for the Chinese, which is the largest ethnic group in Asia and the world.
HRQOL has now been found to be an important determinant of health service utilisation for both the Chinese and the Japanese, it is very likely that the same will be found for other Asian populations.
We cannot draw a firm conclusion on the predictive relationship between the SF-36 scores and service utilisation rates from this cross-sectional study although the results were suggestive. Further prospective studies will be required to confirm our hypothesis and to test for the presence of any reverse causal relationship between social status, chronic morbidity, HRQOL and service utilisation. 
Chronic Morbidity
Total number 0.662 0.131 0.080 0.064 ---- (Nagelkerke 1991) NS means the variable was included in the model but p was >0.05. (Nagelkerke 1991) 
